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Knowledge of the prevalence of human platelet antigens (HPA) in
different populations is important for effective diagnosis and
management of immune-mediated platelet disorders. The purpose
of this study was to determine HPA gene frequencies in the
majority Han ethnic population of China and in ethnic She and Tajik
minority populations. Using PCR sequence specific primers, HPA-
1, -2, -3, -4, -5, and -6, we determined genotypes for ethnic Han,She,
and Tajik blood donors. HPA gene frequencies for Chinese Han
were found to be similar to those of She, reflecting the historic
affinities of these two populations. HPA gene frequencies for Tajik
were closer to those for Caucasians than to Chinese Han, She, or
other Asian populations, reflecting their disparate origin and
historic geographic isolation. HPA gene frequencies in these
Chinese populations reflect their historic origins. Knowledge of
these findings may be used to better understand and treat immune-
mediated platelet disorders in these populations.
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The following report presents the results of
determining genotypes and gene frequencies for human
platelet antigens (HPA) in indigenous Chinese Han, She,
and Tajik populations, using PCR sequence specific
primers (PCR-SSP). We compared HPA gene frequencies
for Han, the majority ethnic population in China, with
those for She and Tajik populations, two of the ethnic
minority populations in China. Most (92%) Chinese are
ethnic Han. The remaining 8 percent of the population
are represented by 55 ethnic minorities, including She,
who share certain historic, cultural, and linguistic
aspects with the Han. Other minorities, such as Tajik,
have historic origins, cultures, and languages that are
quite different from those of the majority Han. The
purpose of this study was to determine whether the
historic affinities or disparities of these three ethnic
Chinese populations are reflected in their HPA gene
frequencies. HPA gene frequencies in Chinese Han have
been previously reported, but primarily in Chinese
language publications that are not easily accessed by
most readers of Immunohematology. To facilitate
readers’ access to these data in Chinese-language
publications, we include a summary of their results as
well as pertinent studies of HPA genes among other
Asian and Caucasian populations. We are unaware of
previous studies of HPA gene frequencies among the
indigenous She or Tajik minorities in China.
Materials and Methods
Populations studied
After obtaining informed consent, we collected 5
ml of peripheral venous blood from volunteer blood
donors who were self-identified to be Han, She, or Tajik
by personal interviews. Samples were anticoagulated
with EDTA and stored at 1°C to 6°C before testing.
HPA genotyping 
Genomic DNA was extracted from whole blood
samples using a standard salting-out method (Pel-Freez,
Brown Deer,WI). HPA-1, -2, -3, -4, -5, and -6 genotypes
were determined by PCR-SSP method as previously
described.1,2 In brief, the PCR reaction mixture (25 µL)
contained 1X  PCR buffer, 1.0 U of Taq DNA
polymerase, 200 µmol/L of each dNTP, 1.8 mmol/L
MgCl2, 0.5 µmol/L of each specific primer (Table 1), 0.2
µmol/L of internal control primer (to amplify human
growth hormone gene), and 50 to 100 ng genomic
DNA. PCR amplification was performed with initial
denaturing at 95°C for 5 minutes followed by 30 cycles
of 30 seconds at 95°C, 1 minute at 58°C (67°C for HPA-
2, 63°C for HPA-3, 57°C for HPA-5 and HPA-6), and 45
seconds at 72°C plus a final extension at 72°C for 10
minutes. Amplification products were verified in 2%
agarose gel stained with ethidium bromide with DNA
marker and visualized by ultraviolet light (Genegenius,
Syngene, UK).
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Gene frequencies and statistical analysis
Gene frequencies were calculated using the
formula gene frequency = allele numbers/sample
number × 2. Chi-squared analysis was used to test for
Hardy-Weinberg equilibrium for HPA genes. Results
with p < 0.05 were considered statistically significant.
Bibliographic search
We reviewed the contents of medical publications
for original research on HPAs in Chinese populations
that were published in the Chinese language from 1997
to 2005. These journals included the Chinese Journal
of Microbiology and Immunology and the Chinese
Journal of Blood Transfusion.3–9 We also conducted a
search using Entrez PubMed for original research
publications in English-language journals for articles on
HPAs in Chinese10,11 and other Asian populations.12–16 To
compare HPA gene frequencies in our Chinese
populations with those in Caucasian populations, we
estimated gene frequencies for Caucasians by selecting
the range (lower and upper limits) for HPA gene
frequencies reported for Danish, Finnish, Polish, Dutch,
German,Austrian,French, Spanish,Welsh, and American
white populations, as summarized by Halle et al.16
Results 
The results of genotyping blood samples from Han,
She, and Tajik blood donors are summarized in Table 2.
All results were in Hardy-Weinberg equilibrium. The
results of our calculations of HPA gene frequencies in
these populations as well as the results of other
investigations of HPA gene frequencies among Han
Chinese, Korean, Japanese, Northern Thai, Vietnamese,
and Caucasian populations are summarized in Table 3.
The principal finding in this study is the
recognition that HPA gene frequencies of Chinese Han
are similar to those of ethnic She, as well as those
previously reported for other indigenous Asian
(Mongoloid) populations. In contrast, HPA gene
frequencies for Tajik are closer to those for Caucasians
than for Chinese Han, She, or other Asian populations.
Regarding HPA gene frequencies for She, our result
for HPA-1a (1.000) is remarkably close to that for our
Han population (0.996), reports of other Han
populations (0.910–0.997), and reports of other Asian
populations (0.972–0.991) (Table 3). In contrast, the
frequency for HPA-1a in She is well outside the range
for Caucasians (0.820–0.890). Similarly, the frequency
for HPA-5a in our She population (0.952) is close to
that for our Han population (0.967), reports of other
Han populations (0.910–0.996), and other Asian
populations (0.963–0.980), but outside the range for
Caucasian populations (0.890–0.903). Readers may
observe additional examples of similarities of HPA gene
frequencies for She and Han in Table 3.
Regarding HPA gene frequencies for Tajik, our
result for HPA-1a (0.875) is within the range for
Caucasians (0.820–0.890), but below that for our Han
population (0.996), as well as outside the range for all
Table 1. Primers used for HPA gene amplification 
Size
Primer Sequence (5´–3´) Strand (bp)
HPA-1a ACT TAC AGG CCC TGC CTC T Sense 196
HPA-1b ACT TAC AGG CCC TGC CTC C Sense 196
HPA-1c AGC CGG AGT GCA ATC CTC TG Antisense
HPA-2a CCC CCA GGG CTC CTG AC Sense 241
HPA-2b CCC CCA GGG CTC CTG AT Sense 241
HPA-2c GCA GCC AGC GAC GAA AAT A Antisense
HPA-3a GGA CTG GGG GCT GCC CAT Sense 138
HPA-3b CAG GT GGA CTG GGG GCT GCC CAG Sense 143
HPA-3c GAG AGC CTG CTC ACT ACG AG Antisense
HPA-4a CTG GCC ACC CAG ATG CG Sense 252
HPA-4b CTG GCC ACC CAG ATG CA Sense 252
HPA-4c GGT AGA AAG GAG CTA TAG TTT GGC Antisense
HPA-5a ATT AGT TTA TTT TTT TTT TTT TAC CTC Sense 178
HPA-5b TAT TAG TTT ATT TTT TTT TTT TTA CCT T Sense 179
HPA-5c ATT GGC TCC TAT TTT GGT AGT G Antisense
HPA-6a GAC GAG TGC AGC CCC CG Sense 237
HPA-6b GGA CGA GTG CAG CCC CCA Sense 238
HPA-6c CCT ATG TTT CCC AGT GGT TGC A Antisense
HGH-F TGC CTT CCC AAC CAT TCC CTT A Sense 432
HGH-R CCA CTC ACG GAT TTC TGT TGT GTT TC Antisense
Table 2. Genotypes in ethnic Han, She, and Tajik populations
Han She Tajik
n Genotype n Genotype n Genotype
a+b– a+b+ a–b+ a+b– a+b+ a–b+ a+b– a+b+ a–b+
HPA-1 120 119 1 0 63 63 0 0 100 76 23 1
HPA-2 124 100 24 0 63 62 1 0 100 82 18 0
HPA-3 108 46 55 7 63 25 30 8 100 28 46 26
HPA-4 136 135 1 0 63 62 1 0 100 99 1 0
HPA-5 120 112 8 0 63 57 6 0 100 73 25 2
HPA-6 115 113 2 0 NT NT NT NT NT NT NT NT
NT = not tested
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seven other studies in Han (0.910–0.997) (Table 3).
The frequency for HPA-5a in our Tajik (0.855) is within
the range for Caucasians (0.890–0.903),but well below
that for our Han (0.967), as well as all seven other
studies in Han (0.910–0.996). Readers may observe
additional examples of the similarities of HPA gene
frequencies for Tajik and Caucasians in Table 3.
Discussion
We interpret the HPA gene frequencies in the Han
and She populations to be consistent with their
historic and geographic affinities. In contrast, the
historic origins of the Tajik in areas of present-day Iran,
as well as their geographic isolation from centers of
Han populations, have resulted in significant
differences in culture and language. These disparities
are reflected in different HPA gene frequencies in this
population compared to Han and She.
The majority ethnic population in China (92%) is
Han. The name Han is derived from the Han dynasty
that ruled regions of China where Han Chinese
originated. Genetically, as well as culturally, the Han
people are relatively homogeneous; they are believed
to be so because of the relative ease of travel and
internal communications in their country.17
Accordingly, the Han are a suitable population for
comparing with other Asian populations, as well as
with ethnic minorities within China itself.17 Although
Han people speak many dialects, their spoken language
is Han, a member of the Sino-Tibetan language family.
She and Tajik are minority populations in China.
Presently, the She ethnic population consists of more
than 630,000 individuals who live primarily in Fujian,
Zhejiang, and Jiangxi provinces. During the Tang
dynasty, ancestors of contemporary She migrated to
regions that are within present-day Fujian, Guangdong,
and Jiangxi provinces. She and Han peoples share
many similarities of language and culture. The She
language resembles the Hakka Han dialect. Most She
speak Chinese (Han) rather than their own ethnic
language. She men and children wear Han dress,
although women wear distinctive, brightly colored,
embroidered native costumes. She marital customs are
similar to those of the Han. Like Han Chinese, She
celebrate the Spring Festival, Lantern Festival, Pure
Brightness Festival (memory of the deceased), Dragon-
Boat Racing Festival, Moon Festival, and Double-Ninth
Festival.
Most of China’s 33,200 Tajik live in Xinjiang
Province in northwest China. In contrast to the She,
the Tajik have been geographically isolated from the
Table 3. HPA gene frequencies in different populations
Population HPA-1a HPA-1b HPA-2a HPA-2b HPA-3a HPA-3b HPA-4a HPA-4b HPA-5a HPA-5b HPA-6a HPA-6b
Chinese Han  0.996 0.004 0.903 0.097 0.681 0.319 0.996 0.004 0.967 0.033 0.991 0.009
Chinese She 1.000 0.000 0.992 0.008 0.635 0.365 0.992 0.008 0.952 0.048 NA NA
Chinese Tajik 0.875 0.125 0.910 0.090 0.510 0.490 0.995 0.005 0.855 0.145 NA NA
Chinese Han3 0.995 0.005 0.900 0.100 0.775 0.225 1.000 0.000 0.970 0.030 NA NA
Chinese Han4 0.997 0.003 0.950 0.050 0.602 0.398 0.997 0.003 0.993 0.007 NA NA
Chinese Han5 0.970 0.030 0.980 0.020 0.820 0.180 0.990 0.010 0.910 0.090 NA NA
Chinese Han6 0.977 0.023 0.880 0.120 0.740 0.260 0.964 0.046 0.977 0.023 NA NA
Chinese Han7 0.910 0.090 0.815 0.185 0.630 0.370 1.000 0.000 0.925 0.075 NA NA
Chinese Han8 0.996 0.004 0.918 0.082 0.671 0.329 0.990 0.010 0.996 0.004 NA NA
Chinese Tibetan9 0.936 0.064 0.873 0.127 0.745 0.255 0.973 0.027 0.836 0.164 1.000 0.000
Chinese Han10 0.911 0.089 0.937 0.063 0.830 0.170 0.976 0.024 0.967 0.033 NA NA
Chinese Hong Kong11 0.995 0.005 0.975 0.025 0.525 0.475 1.000 0.000 0.965 0.035 NA NA
Korean12 0.990 0.010 0.920 0.080 0.550 0.450 0.990 0.010 0.980 0.020 0.980 0.020
Japanese13,14 0.991 0.009 0.900 0.100 0.718 0.282 0.982 0.018 0.973 0.027 0.973 0.027
Northeastern Thais15 0.972 0.028 0.937 0.063 0.533 0.467 1.000 0.000 0.963 0.037 0.985 0.015
Vietnamese16 0.986 0.014 0.953 0.047 0.486 0.514 1.000 0.000 0.972 0.028 0.986 0.014
German16 0.820 0.180 0.920 0.080 0.635 0.365 NA NA 0.900 0.100 NA NA
Austrian16 0.852 0.148 0.918 0.082 0.612 0.388 NA NA 0.892 0.108 NA NA
American White16 0.890 0.110 0.920 0.080 0.670 0.330 NA NA 0.890 0.110 NA NA
Welsh16 0.825 0.175 0.902 0.098 0.607 0.393 NA NA 0.903 0.097 1.000 0.000
NA = not available
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Han and the two populations share minimal history,
language, and culture. The Tajik people trace their
origins to eastern Iranians who settled in the eastern
regions of the Pamir Mountains more than 20 centuries
ago. Present-day Tajik live in the Taxkorgan Tajik
Autonomous County. They are Muslims and, in contrast
to most Chinese, Tajik speak a language derived from
the Indo-European language family. Most Tajik use
Uygur script for writing.
We conclude that study of HPA gene frequencies,
like those of red cell blood group systems,17,18 HLA,19–23
and FCGR3B polymorphisms,24,25 is useful for
characterizing the diversity among the majority and
minority ethnic Chinese populations. In addition,
specific human alloantigens are involved in neonatal
alloimmune thrombocytopenia, platelet transfusion
refractoriness, and posttransfusion purpura26; studies of
the HPA gene frequencies in isolated Chinese ethnic
populations will be useful in determining the risk for
these diseases among the pertinent populations.
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